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Dynamic water pricing , consumer behaviour ,
& evaluating their impacts on water systems

Julien Harou , Charles Roug €, and many collaborators
University of Manchester, etc.

sH2& Outline

the smart H20 project

1. Shouldsmartmeterschange theprice of water? Ifso
how?

2. Howdo consumergespondto changingprices?
Few utilitiesreadyfor dynamicpricing sohow to predict
impacts?

& Meta-analysiof priceelasticitystudies
& Online questionnaires
& Onlineexperiment

3. Shouldsmartmetersinfluenceli 2 R wateRsupply

investmentdecision® Whatimactcouldthey have?
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1. Smarimeter enabled dynamic pricing of|

water
CharlesRougé JulienHarou
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sH2& Overview

2 KFiQa wSO2y2YAO Sy3
for smart meters?
¢ How could they reducer shiftdemand?

¢ Conceptuaframework for evaluating the
impacts & benefit®f smartmeterenabled
dynamicpricing

& Proofof concept application to London's
water supply system

& Discussion
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the smart H20 project

London case study: The systen
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sH2& London case study: Supply

the smart H20 project
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sH2& Dynamic water pricing

the smart H20 project

4 Smart metering possibilities :
4 Frequentmeasurements
& Communicatavith customers in real time

4 Constraint on dynamic pricing: rates communicable to
consumers, water managers

sHa& Dynamic water pricing

the smart H20 project

4 Smart metering possibilities :
¢ Frequentmeasurements
& Communicatevith customers in real time

4 Constraint on dynamic pricing: rates communicable to
consumers, water managers

( 1) Scarcitypricing ) C 2) Peakpricing )

4 Droughttime demand reduction | [¢ Demand shifting

& Increases costfficiency of smart

& Aims at overall economic efficien .
metering

& Weekly to seasonal timescale 4 Subdaily to weekly timescale
8
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1) Scarcity pricing

Increase urban consumer volumetric prices
commensurate with water stress

Goal: to achieve an appropriate balance between
sectors:

4 An efficient one, that allows for the largest societal
economic gain from water use)

4 One where an incremental unit of water used by each
sector is worth the same
Sends dangible signal to consumers:

& Whe environment is now being strongly impacted by our
waterdzid S Q

4 Y2 Kave increased prices to reflect this
Challenges: acceptability, securing and maintaining

impact
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sH2& How to reducedemand via scarcitgricing?

the smart H20 project

Price

pr

Po

4 )
Increaseprice from p,
to p, duringdrought

U3

Excess revenue
& Utility revenue

neutrality
Revenue gain === Revenue loss & Increasinglocktariffs

/ (BT}
4 Reallocateexcess

revenue (sociathriff,
environmentalfund,

etc)

Cutoff volume V. Demand \ /

D(p,) Do)
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sHa& Efficient water pricing (1/2)

the smart H20 project

Residential Cross-sectora

willingness to pay Availabl | valu
vallable volume

“Raw” water
demand curve

Residential stream
demand volume

sHa& Efficient water pricing (2/2)

the smart H20 project

Residential Cross-sectora
willingness to pay i value
Available volume

Residential nstream
demand volume
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London application

Instream
—t

volume

Minimum environmentalflows
(800 MLHayupstreamof
London)

Publishecenvironmentalvalue
(blue area)for ecosystem
services:

£250 M/yr (from 2 WTPstudieg

Otherbenefits tourism,
property valuation(nor-
evaluated

2 valuationscenariogested
£250and £500 Myr
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sH2& Three 80 year weekly Simulations
the smart H20 project
Next plot will look at
environmental water
shortages under 3
10 scenarios:
_ 1. Current control
T 800 Mi/day ru!e_ (no scarcity
gz | 600 Ml/day pricing)
3 2 0.6 ’/"'_ “;';._. 400Miday 2. Scarcity pricing
g % o - 300 Ml/day with Current
g 5 04 - ";’ ----- \\‘\ ---------- Level 1 Valua“on
2T Len -7 So | Level 2 (£250MAyr)
c £ .- N ---Level 3 . .
s= . . 3. Scarcity pricing
2 02 L. -~ = — - Level 4 . .
S with High
0.0 valuation
5@(\ \b’b‘ &‘{bﬁ 5\)\ 6@9 eo"‘ S'b‘\\ (£ 500M /y I’)
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Results:

Priceand environmental shortage during 1922 drought

Dynamic urban price

Environmental shortage
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Results:
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Priceand environmental shortage during 1922 drought

Dynamic urban price

Environmental shortage

250 800
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g B
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Time (Days) Time (Days)
Rule-based Scarcity pricing Scarcity pricing
allocation | X = £250M [year | X = £500M [year
Frequency of price doubling (%) 0 0.47 2.0
Frequency of price tripling (%) 0 0.34 0.38
Average environmental flow shortage (ML/day) 202 157 111
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2) Peak pricing

Increase urban consumer volumetric prices at
certain times of the day

Goal: reduce peak consumption will enable financial
savings through:

& Delayed capacity expansion

4 Delayed maintenance

4 Reduced peak energy consumptienreduced energy cost
Sends dangible signal to consumers:

¢ lIJ:Aé}S G GKA&a GAYS tSIFRa G2

yShis2N] Q

4 Y2 Kave increased prices to reflect this

Challenges: acceptability, securing and maintaining
impact
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Price

Peak rate P4

Uniform rate Pg

Off-peak rate P

Displacing demand via peak pricingl

Overall demand curve (D)
[—1 “Flat rate” utility revenue
Peak demand (D)
DZ (Pz) Peak rate revenue
————— Off-peak demand (D,)
[—1 Off-peak rate revenue

Dy (p1) ~——D1(po) D(po) Demand
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London application

o

o

o

o

Annual populatiorgrowth expected 0.6%:
will require networkexpansion

Quadratic relationship between peak usage
reduction and cost of investing in new mains in
a residential suburb in Sydney, Australia. Data
from Lucas et al. (20)0

Extrapolaterelationship to networkexpansion
andreplacement given an averager-property
cost of mains installation aeplacement £2,000

Financial savings associated with different leve
of peakhour price increases can then be
computed(3.5% discount rate, elasticity of 40%

19
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Potential London benefits

Operational savings (ME£)
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sH2& Dynamic pricing conclusions

the smart H20 project

( Scarcitypricing ) ( Peakpricing )

(Managingdemandby: \

Demandreduction

& Potentialfor:
Reducingdroughtvulnerability
(environmentalflow shortagg

4 Financial impact:
Preservesizii A fiifaricésQa
comparedwith usage
restrictions

(Managingdemandby:
Demandshifting

4 Potentialfor:
Financiabperational
savinggnetwork, energy)

& Financial impact:
Aimedat financialoperational
savinggnetwork, energy)

& Furtherresearch

& Furtherresearch

\ Valuationof environmentalfW

Estimating savingsrom peak

\ pricing (network impacts,j
pressuremanagement)

21
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Outline

1. Shouldsmartmeterschange theprice of water? Ifso

how?

2. Howdo consumergespondto changingprices?
Few utilitiesreadyfor dynamicpricing sohow to predict

impacts?

& Meta-analysiof priceelasticitystudies

&
& Onlineexperiment

Online questionnaires

3. Shouldsmartmetersinfluenceli 2 R wateRsupply
investmentdecision® Whatimactcouldthey have?
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2. Predicting consumer responses to pricin

A. Meta-analysis of price elasticity
B. Online surveys
C. Online experiment
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A. Metaanalysiof price elasticity

Riccardo Marzano, Pao@arrone
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sHa2& Water price elasticity

the smart H20 project

Meta-analysis of water demand studies

PRICE ELASTICITIES SIMULATION OF PRICE ELASTICITIE
How much does water demand decrease i E.g. price regulation scenarios (utillgvel
DATA GATHERING response to a price increase? characteristics)
Price elasticity
estimates from
previous studies of . \
water demand ] L 3

\ “O
—>
ROLE OF LOCAL CONTEXT AND | PEEEIC Ol s s
METHODOLOGY (input 1o WP3)

Geography, price regulation, sog@gonomic
characteristics, sampling method, model
specification, estimator

25

sH2& Water price elasticity

the smart H20 project

Sampled water demand studies

I 198 studies collected (26 European studies)
ACoverage: US, Europe, rest of the world

Sampledstudies
Studies in the sample = 125 stugios Observations Water demandstudiesovertime
Observations = 635
United States 64 51.2% 414 65.2% @
Location Europe 26 20.8% 111 17.5%
Other locations 35 28.0% 110 17.3% 7
Published 113 90.4% 570 89.8%
status Unpublished 12 9.6% 65 10.2% 1
o - T T T T T
1960 1970 1980 1990 2000 2010

Publication year

13



the smart H20 project

Distribution of price elasticity of demand

15

price elasticity

H2 Water price elasticity

The metaregression model
i Dependent variable: Estimated price elasticity

i Independent variables

Awater demand specification
T Type of estimated price elasticity (point, segment, loag)

T Price measure used in the water demand estimation (marginal,

average, Shin)

i Conditioningvars6 A y 02 YSs> 11 &Al Sz
T Functional form (linear, serhbg, logf 2 3~ X 0
AData

i Disaggregation over time (yearly, monthly, daily data)
T Disaggregation over users (HgvVel, aggregatéevel

T Data period (summer, winter)

I Data structure (crossection, time series, panel data)

Sy
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sHa& Water price elasticity

the smart H20 project

The metaregression model

i Independent variables

AMethodology
I Estimator (OLS, IV, 2SLS, 3SLS)
T Innovative method (DCC)

APublishing status
I Published study
ALocationspecific controls
i Location (Europe, US, rest of the world)
T Socieeconomic factors (GDP per capita)
I Tariff structure (flat, IBR, DBR)
i Water scarcity (WateBtress Indicator, WSI)

T Regulatory framework (Independent regulator)
29

sH2& Water price elasticity

the smart H20 project

Threecase studies

& The three case studies differ in:
& Water scarcity level

¢ Regulatory framework
4SocieS 02y 2YA 0O | aLlsSoOGa o6D5t LJSS(I)\JJ d
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sH2&  case study simulation of price elasticity

the smart H20 project

Average price |Baseline
elasticity

London -.32 -4
Ticino -.32 -4
Valencia -.34 -.6

31
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B.Waterconsumer sd response
Results from SmartH20 surveys

PaolaGarrone Riccardo Marzano
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sHo& SmartH20 onlinsurveys Objectives

the smart H20 project

4 Empiricakevidenceon customer§xesponseo
dynamicpricingschemesnabled by smartmeters

& Doresidentsreduceconsumptionif price varieswith water
scarcity?

4 Dothey shift temporallydemandif price varieswith time
of use?

4 Empiricakevidenceon the performance obther
forms of incentivecomparedto price
4 Symbolicewards(badges)?
& Monetaryrewards(vouchersyebateg?

33

sH24& Why an online survey of residents

the smart H20 project

& Otheroptionsto getinsightson dynamicpricing &
rewards?
& Revealedoreferences& demandmodels? Unfeasible
4 Labexperiment® Unfit to inform policy
4 Fieldexperiment® Open option

Feasibleadaptableto the context administrable

& Afew advantagesof onlinesurveys
&
& Strategiedor closingthe gap withrevealedpreferences

34
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SH2& Enhancemenstrategies

the smart H20 project

¢ Randomizatiorof incentivesandscenarios
& Control / Baseline sample
& Treatmentsamples

¢ Checks
& Certaintyon statements
& Internet use

¢ Controls

4 Respondentharacteristicsandattitudes
& Householdand property characteristics
& Wateruses AppliancesFixtures
& Actualconsumption(Valencia)
35
sH2& Sample and surveys administration

the smart H20 project

4 Ticino Switzerland: OctoberNovember2015
Administeredby SUPSI

Paperinvitationto 70,000customersof SESpower utility
& sH20 partner)

Drawn3 minilpadsasa prize
462filled questionnairegItalian, German Englishversions
0.7%responsé
4 Valencia §pain: May 2016¢ Ongoing
4 Hostedby SmartH20 Consumer Portal

& Emailinvitation to 80,000customersof Emivasa+r Banner
on paperinvoiceto all customers+ School workshop (+
Mediacampaign

& SmartH2(ointsasa prize (about half of aDrop! game)

o

o

o o

36
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sH2&  Ticinosurvey Sample &andomization

the smart H20 project

4 Incentivesandscarcityscenariosarerandomized

acrossrespondents
{reatments Bill Regular Critical*
increase # %

Baseline X 65 14.07
Pricing X X 86 18.61
Badge X X 82 17.75
Scarcity X 79 17.10
Dyn Pricing X X 82 17.75
Dyn Badge X X 68 14.72
Total 462 100.00

In order to get the badge:
°l ASNBE K2 dzyRSNIF1S 61 GSNI al gAay3 | OGAazya |
that is advertised in the town; * Users who do not undertake water saving actions have the sem
water bill increased by 40CHF/semestausehold(23.3-43.5% of the reference bill rangé&)Thé

district is facing a severe water supply issue/water shortage

sH2& SmartH2GsurveyqTicino + Valencia)

the smart H20 project

Incentives Changesn Findings
water uses 9adAYlFdiSa 27
responses to different
incentives under different

No incentive, Pric\\ scenarios
increase, Badge, > ) )
Rebate, Voucher :

&
Shower time reduction, ',;

Watering time reduction, R, N
Regular, Water shortage, Shifting Washlng machme /2y adzySNRQ

Peak time issues, Severe  to off-LJS | y-Rasacteyistics and
drought water uses

Example from Valencia survémagine that your water supplier measures in detail household water consumption thrsmagh 8
meters and your city is facing a very severe drought period. Your municipality, in order to deal with the water shoetage i5313
increases the binonthly water bill by & for households who do not undertake water saving actions.

Scenarios

19



sH24 ResultgTicino): Effectsof pricing

the smart H20 project

4 Showertimereduction: Respons®f the «average
respondentto abill increaseof 40 CHRemester

household®
Predicted Standard
reduction 95% conf. interval
[min]# error
Pricingi 0_8*** 0.1307 0.5143-1.0288
Pricing:@) 0.5*** 0.0902 0.3111-0.6660
lefe rence O 3* 0.1718 -0.0537¢ 0.6198
Observations 362

Note: /23.343.5% of the reference bill range; # 5.9 [mehpwertimereference;
* ok xek 10%, 5% and 1% significance levels

39

sH24& ResultgTicino): Effectsof «dynamio pricing

the smart H20 project

& Showertimereduction: Respons®f the «average
respondentto abill increaseof 40 CHRemester
householdunder watershortage®

Predlc_ted Standard  95% conf.
reduction
[min]# error interval
Pricing9&Scarcity8 0.45%* 0.1334 0.1763- 0.7015
Pricing4&Scarcity2 R 0.1886 0.6134-1.3557
Difference 0.55%* 0.2312 0.0926¢ 0.9988
Observations 362

Note: /23.343.5% of the reference bill range; # 5.9 [mshpwertimereference;
* kxR 10%, 5% and 1% significance levels

40
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the smart H20 project

ResultgTicino): Effectsof pricing

4 Showertimereduction: Respons®f various
consumettypesto abill increaseof 40
CHF$emesterhousehold®

Predicted  giangargd
Consumetype reduction 95% conf. interval
[min] error

Samplemean 0.3* 0.1718 -0.0537¢ 0.6198
Samplemeanunder scarcity 0.55** 0.2312 0.0926¢ 0.9988
Educatiorr Lesshan apprenticeship 0.9** 0.4189 0.0517¢ 1.6939
Educatior Universitydegree -0.07 0.2881 -0.6394¢ 0.4900
Envattitude=Not env friendly at all -0.72 0.7000 -2.0362¢ 0.7078
Envattitude=Extremelyenv. friendly 0.8** 0.4316 -0.0005¢ 1.6912
Xothertypes X X X -X

Note: /23.343.5% of the reference bill range; # 5.9 [mshpwertimerefefénce;
*, ** %% 10%, 5% and 1% significance levels

SH2'?:-:

the smart H20 project

ResultgTicino): Effectsof badges

& Showertimereduction: Respons®f various
consumettypesto to the «Best Friend of
Environmentbadge®

Predicted Standard

Consumetype reduction 95% conf. interval
[min] error

Samplemean 0.1097 0.1777 -0.2386¢ 0.4581

Samplemeanunder scarcity 0.3261 0.2406 -0.1454¢ 0.7976

Educatior Lesghan apprenticeship 0.0499 0.4427 -0.8178¢ 0.9176

Educatior Universitydegree 0.1439 0.3004 -0.4448¢ 0.7326

Envattitude=Not env friendly at all -1.1371 0.6979 -2.5049¢ 0.2307

Envattitude=Extremelyenv. friendly 0.8499** 0.4239 0.0190¢ 1.6808

Xothertypes

X X X-X

Note: /23.3-43.5% of the reference bill range; # 5.9 [mshpwertimerefefénce;
* ** %k 10%, 5% and 1% significance levels

21



sH2& Conclusions

the smart H20 project

4 «Average Ticino consumer
& Pricingeffect: Slight(5%)showertime reduction

& «Dynamigoricing» effect (bill increaseunder scarcity:
Larger(9%)showertime reduction

4 Badgeeffect Movingwashingmachine on night

4 Age,education environmentalattitude, property tenure:
possiblemoderators

4 Lookingforwardto ValenciasurveyR I { I X
& Possiblyalargersample
4 Control ofactualconsumption
& Peaktime pricing Rebateqalongwith bill increaség

43
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C. Online experiments

Riccardo Marzand;harles Rouge, Padiarrone JulienHaroy Manuel Pulido
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o

o

o

Goal

Aim:evaluating price response by asking people to
state their tradeoff between water price and
showertime

The experiment starts with questions about the
NB a LJ2 ¥ R S-geindgfaphic2 OA 2

Introducesy 2 G A2y 2F Gal GAatl g
showerk Y R & @2 & éshdstdr ahwer times

Q
W
the smart H20 project

o

o

o

o

Proposed experiment

The experiment is conceived as a game where players are
asked to decide how much time they are going to spend in the
shower.

Theyare endowed with a fixedum,which they can use to buy
the water they need for the shower, having full info about the
unit price of the watetitre.

Finalpayoff would be the residual endowment (after having
paid forwater) plus an additional component (that could be
negative)that will take into accountlisutility of a shortshower
(to prevent people from maximizing the payoff, this function
will be kepthidden).

This design relies on randomization to test the effect of price
surge. Different people are exposed to different prices.
Assuming that we will have a fairly large amount of
participants, we can match them gost (based on their
demographic characteristics) to obtain the effect of a change
in water price. We can randomitkee scarcityscenario.

23
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the smart H20 project

Introductory statement

4 This is an online experiment about water

conservation.

4 Youwill be asked a series of preliminary questions
on your socieeconomic characteristics and water

usage.

¢ Thenyou will be asked to answer a question
regarding your water uselepending on water price.

4 Upon completing this questionnaire, you are
guaranteed $1.3, but depending on how you answer
guestions, you may be able to win between $2 and

$3 in total.

47

sH24& Monte Carlo simulation of the experiment

the smart H20 project
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Respondent selected shower time

12

F 10

Satisfaction

W R1 payoff
R2 payoff
< Total payoff in simulation

# Satisfaction

Simulation of the experiment
payoffs ($) as a function of their
response to shower time (in
minutes up to 15 minutes).
Prices are randomly set between
$0.08 and $0.17. Maximum
payoff occurs between 5 and 8
minute showers, with a
maximum payoff of
approximately $1.35.




sH2& Outline

the smart H20 project

1. Shouldsmartmeterschange theprice of water? Ifso
how?

2. Howdo consumerS€respondto changingprices?
Few utilitiesreadyfor dynamicpricing sohow to predict
impacts?

& Meta-analysiof priceelasticitystudies
4 Online questionnaires
4 Onlineexperiment

3. Shouldsmartmetersinfluenceli 2 R wateRsupply

investmentdecision® Whatimactcouldthey have?
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3. Should smart meters impact water suppl
investment programs? How to decide
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River Thames basin water resource system

planning- decisions

Existing supply options.

@e0 OO0: 0

¢
’I 200
e 160
lelder 120
w0
o

Possible supply options.
[ stArs
N Reservoir

Elevation
{m AOD)
320

280

20

g

R Severn T abstraction
R Severn T pipeline

R Severn T outfall
Northern T pipeline
Northern T outfall
Columbus abstraction
Columbus T pipeline
Columbus T outfall

Deephams reuse 0 10 20 30 40km
LR Desalination — -

(o2 Jm] |

Demand management|

options

Active Leakag€ontrol
(ALQ
Pipe repair campaign
(Mains)

Efficiency
Improvements
(Efficiency

Installation of Smart
Meters
(Meters)

Seasonal Tariffs
(Tariffs)

Whichassets?At what capacity? When?51
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Aggregate demand management interventiong

Intervention ‘

‘ Capacity or release

improvements (EFI)

Description
Demeand management interventions

Active Leakage Enhanced levels of “Find and Fix™,

Control (ALC) implementation of further pressure 0—50 Ml/day
management, and trunk main leakage reduction in demand
management

Pc;ifp;?;ln iﬁﬁ;}o‘;fgsé?ﬁ;;ply pipes to 16.1 Miday
reduce leakage in the distribution system. reduction in d d

Enhanced efficiency | Water efficiency campaigns, retrofitting

and household and commercial customer
audit programmes

11.6 Ml/day reduction

in demand

Installation of smart
meters (Meters)
with seasonal tariffs
(Tariffs)

Installing smart meters in properties with
application of seasonal tariffs. Tariffs are
considered as a decision conditional on
implementing Meters.

88.7 Ml/day reduction

in demand

52
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What type of solution are we
searching for?

Our objectives:

A Capital COS¥k, Annualized capital cost of implementing new supply and demand
2LIGA2Y A& O adBsiyn l@eyEmP LIG A 2 Y Q&

A Supply deficitc Average annual experienced by London WRZ (%)
A Supply resilience Maximum duration failure* (weeks)
A Supply reliabilityc Frequency of failures* (%)
A Ecodeficit ¢ Difference between natural and simulated low flows (%)
A Energy cost Annual average operating cost (EM/a)

Our constraints

A Levels of Servicénax. frequency of imposing demand restrictions)
A Mutual exclusivity of some supply options

27



